This paper presents initial results of the first national / international survey of student participants in CubeSat and other small spacecraft programs. It aims to make portions of the results of the survey available for immediate use by the CubeSat / small spacecraft community prior to the completion of a thorough analysis of the results and consideration of correlating and prospective causation factors for various outcomes.
I. Introduction
IGNIFICANT anecdotal evidence and prior studies -generally focused on a single program -have demonstrated the efficacy of involving students in small spacecraft development. Small satellite programs and experiential learning programs, in general, have been shown to provide a wide variety of benefits to student participants. These include increased knowledge, confidence in related skills, experience working with those in other disciplines and increased student self-confidence and perception of self-worth. CubeSat development has been a topic of particular focus for educational programs, owing to the form factor's size, standardization and the availability of low-cost and free-to-developer launch services. Individual studies have been quite promising; however, questions of generalization of results cannot be answered by a single data point (i.e., a single program). To this end, a worldwide survey (with a concentration of respondents in the United States) has been conducted to assess key questions regarding the educational effectiveness and benefits provided by small spacecraft program participation.
This survey sought to answer several related questions. It sought to identify what students expected from participating in a small spacecraft development program, whether benefit was received in the identified areas (and to what extent) and what other unsought or unexpected benefits respondents may have enjoyed. Additionally, key performance / student success metrics were identified based on responses to an initial localized survey. Students were also asked to characterize the impact of program participation on these key performance / success metrics (shared by many programs) such as knowledge of their area of focus, technical area confidence and scientific communications skills and confidence. Finally, students were asked questions that sought to assess the impact of program participation on their career goals (e.g., had this increased their interest in pursuing a career in research or in a field related to their work) and ability to achieve them. This paper presents the initial results from this survey. It presents some of the questions that were asked and the responses provided. This work begins the process of drawing conclusions from these results and assessing areas of future prospective study. One focus area of this analysis, in particular, is the identification of correlation between factors (such as program characteristics and the type of institution that it was conducted at) and key performance indicators.
The paper concludes with a discussion of prospective future work. This begins with a discussion of the importance of STEM education and, in particular, engineering fields to future prosperity and the role that experiential education and highly emotive programs, such as most small satellite programs, play in this educational process. Then, a discussion of future plans for additional assessment at the collegiate level as well as the expansion and modification of the assessment tools to suite other groups such as K-12 and professional training, in related fields is presented.
II. Procedure for Paper Submission
A survey of participants in small spacecraft development programs was conducted using Qualtrics, an online survey tool. Requests for participation were sent out via a number of channels including online mailing lists (such as the CubeSat list maintained by CalPoly) as well as mentions in several presentations. One-hundred and forty two S people completed some portion of the survey; due to the length (and potentially the inapplicability of certain questions to some programs) only about one-fifth of the respondents completed the entire survey.
This survey is based on a more limited survey, previously used for analysis of the local program at the University of North Dakota, which was discussed in [1] [2] [3] [4] . As with portions of the aforementioned prior work, some of the questions were based on the Undergraduate Research Student Self-Assessment (URSSA) [5, 6] .
This paper aims to present some initial results from this work without a significant amount of analysis in an effort to provide information that may be helpful to the CubeSat and small spacecraft community for justifying the formation, funding and expansion of programs, while more detailed analysis is being conducted.
A. Information about Respondents
First, some information about the respondents is presented. Figures 1 and 2 indicate the level of involvement of the participants with the U.S. Air Force University NanoSat Program and NASA Educational Launch of NanoSats (ELaNa) Program, respectively. Undergraduate respondents were also asked to indicate their current academic year level. This is presented in Figure 6 . Notably, the majority of respondents were upperclassmen (seniors and juniors). Figure 7 indicates the GPAs reported by the respondents. Note that 90% reported a GPA of 3.0 or higher. Respondents were also asked to indicate how much time each week they spent on program activities. Nearly 70% of respondents indicated that they spent more than ten hours per week on their participation and nearly forty percent indicated that they spent more than twenty hours per week on participation. The responses to this question are presented in Figure 9 . Figure 9) , an obvious question is why participants are willing to devote so much time to this activity (given that they could also be devoting the time to other activities that may provide other types of professional or personal benefit). Table 1 presents an answer to this question: it details the participants' reasons for participating. With the reasons why participants join a program known, focus logically shifts to whether these benefits are being realized or not. An answer to this question is presented in Table 2 which indicates the areas where participants believed they have gained benefit through their participation. A few dimensions of prospective benefit are now explored. Figure 10 asks participants whether they are interested in employment in their field of participation. Figure 11 indicates participants' responses to the question of whether they feel participation will aid them in seeking employment. Figures 12 to 15 ask participants to indicate whether they believe that participation has improved their skills and attitudes in various areas. Figure 12 asks respondents whether they believe that participation has aided their technical skills. Figure 13 asks respondents whether they feel that participation has increased their interest in space. Participants were then asked to discuss whether specific outcomes had occurred. These outcomes, which are based on the USRRA survey [5, 6] , are presented in Table 3 . Table 3 . Outcomes. Answer % I presented a talk or poster to other students or faculty 100% I presented a talk or poster at a professional conference 57% I attended a conference 86% I wrote or co-wrote a paper that was published in an academic journal 29%
Given the level of time commitment demonstrated by participants (in
I wrote or co-wrote a paper that was published in an undergraduate research journal 0%
I will present a talk or poster to other students and faculty 43% I will present a talk or poster at a professional conference 29% I will write or co-write a paper to be published in an academic journal 14%
I will write or co-write a paper to be published in an undergraduate research journal 0%
I won an award or scholarship based on my research 14%
III. Conclusion and Future Work
This paper has presented initial results from the first international survey on the benefits from student participation in CubeSat and other small spacecraft projects. The goal of this paper is to make information that may be valuable to the CubeSat and small spacecraft community available as quickly as possible. Future work will include significant analysis of this data, including assessing the correlation between various factors that may contribute to producing certain outcomes and various results.
